NACA RM G083

RESEARCH MEMORANDUM

CLASSIFICATION CHANGED
UNCLASSIFIED UNAVALASLE

L TITUDE-WIND-TUNNEL INVESTIGATION OF

B76n"57

J47 TURBOJET-ENGINE PERFORMANCE
()
-

W By E. William Conrad and Adam E. Sobolewski

Lewis Flight Propulsion Laboratory
Cleveland, Ohio

FON-113

Do boo. ade.

M -7

0,
By authority of

mmmmu nd.tymh
tnformad thareof,

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
November 15, 1948

T

DHAVAILABLY




o mi EsG08 El!l iM" T

3 1176 01434 9337

NATTONAL ADVISORY COMMITTEE FOR AFRONAUTICS
RESEARCH MEMORANDUM

ALTTTUDE-WIND-TUNNEYL INVESTIGATION COF
J47 TURBOJET-ENGINE FERFORMANCE
By E. William Conrad and Adem B. Sobolewskl

SUMMARY

An investigatlion has been conducted in the NACA lewis altitude
wind tunnel to evaluate the performance of the J47 turbojet englne
over a range of simulated altitudes from S000 to 50,000 feet,
simulated £light Mach numbers from 0.2l to 0.97, and a complete
range of engine speeds. Data are presented to show the effects of
altitude at & £llight Mach number of 0.21 and of flight Mach number
at an altitude of 25,000 feet. The performance datea are general-
ized by two methods to determine the range of flight condltions
for which engine performence may bhe predloted from performance
date obtained at a given flight condition.

Engine-performance paremeters obtalned at a given altitude
and flight Mach number could be used to predlct engine performance
for only & limited range of altitudes and corrected engine speeds.
From the engine pumping characteristics presented, Jet thrust could
be predicted for any desired flight Mach number and exhaust-gas
temperature for englne~pressure ratios &bove approximately 1.4 at
altitudes from S000 to 50,000 feet. The decrease 1in temperature-
limited englne speed with increesing altitude indicated the need
for a variable-area exhaust nozzle.

The specific fuel conswmption at temperature-limited engine
speed and a flight Mach number of 0.21 veried frem 1.20 to 1.30
pounds per hour per pound of net thrust over the range of altitudes
investigated. A minimum specific fuel consumption of 1.05 pounds
per hour per pound of net thrust was obtalned at an engine speed
of approximstely 6400 rmm at altitudes from 15,000 to 45,000 feet.
Changes in flight Mach number at rated engine speed had no
appreciasble effect on speciflic fuel consumption. At lower engine
gpeeds, however, the specific fuel consumption Increased as the
flight Mach number was ralsed.
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At an altitude of 25,000 feet, the internal drag of a wind-
milling engine varied from 2 percent of the svailable net thruast
at a true airspeed of 200 miles per hour to 15 perceut at a true
alrapeed of 650 mlles per hour.

INTRODUCTION

An investigatiom has been conducted In the NACA Lewls altitude
wind tumnel to determine the over-all performence, component per-
formance, and operational characteristics of a J47 turbojet engine
over a wide range of simlated flight condltions.

Date are presented in graphical form to show the engine per-
formance over a range of altltudes from 5000 to 50,000 feet and
£light Mach mumbers from 0.2l to 0.97. The effect of altlitude
is shown at s £light Mach number of 0.2l and the effect of flight
Mach number is shown at an altitude of 25,000 feet. Pexformance
data sre generalized by two methods to determine the range of
flight conditions for which engine performance msay be predicted
from performance data obteined at a given flight condition. Curves
ars presented to show the windmilling characteristics of the englne.
All engine performence data obtained in the investlgation are also
presented in tabular form.

DESCRIPTION OF ENCINE

The J47 turbojet engine used 1n the altitude~wind-tunnel
investigation (fig. 1) has a sea-level static thrust rating of
5000 pounds at an enging spesed of 7900 rpm and a turbine-outlet
gas temperature of 1275 ° F. At this rating the air flow is
approximately 94 pounds per second. The englne has a 1Z2-stage
axial -flow compressor with a pressure ratio of approximately 5.1
at rated engine speed, elght cylindrical direct-flow-type
cambustion chembers, a single-atage impulse turbine, and & fixed-
area exhaust nozzle. The exhaust nozzle, which wes used 1in this
investigation and wes deslgnated standard, had an outlet area of
280 square inches. This exhaust nozzle produced a turbine-outlet
temperature of approximately 1275° F at a flight Mach number of
0.21, ean altitude of 5000 feet, and an engine speed of 7800 rmm.
. The over=-all length of the englne excluding the exhaust nozzle is
* 143 inches, the maximum dlameter is approximately 37 lnches, and
- the total weight is 2475 pounds.
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Air enters the engine through ean amular inlet (fig. 2) and
pesses into the compressor through & row of inlet gulde vanes.
The air i1s discharged from the compressor through two rows of
straightening vanes. From the annular outlet of the compressor,
the air flows into the combustion chembers where it 1s mixed with
fuel injected through duplex fuel nozzles. The mixture is burned
and the hot geses of combugtion flow through the turbine-inlet
stator blades, the turbine, end into the atmosphere through the
tail pipe and the exhaust nozzle.

INSTALLATION

The engine waes mounted on & wlng In the test section of the
altitude wind tunnel (fig. 1). Dry refrigerated ailr was supplied
t® the engine from the tunnel make-up air system through a duct
connected to the engine inlet. A frictionmless slip Jolat in the
duct made possible the meagurement of engine thrust and drag by
the tunnel balence scales. The air flow through the duct was
throttled from approximately sea-level pressure to a total
pressure at the engine inlet correspondling to the deslred f£light
Mach number et a given altitude.

Instrumentation for measuring pressures and temperatures was
instaelled at various stations in the engine (fig. 2). Instrumen-
tation for measuring eir flow wes installed at the Inlet-sir-duct
venturi throat (station r), the engine inlet (sta.tion 1), and the
exhaust-nozzle outlet (station 7).

PROCEDURE

Thrust values were calculated from tunnel balence-scale
measurements and slso from values of gas flow and Jet wvelocity
cbtained from meesurements with the exhasust-nozzle survey reake.
The exhaust-nozzle Jet-veloclty cocefficient, defined as the ratilo
of scale Jot thrust to rake Jet thrust, 1s shown as a functlion of
exhaust-nozzle pressure ratio in figure 3. Engine performance is
based on thrust values obtained from the balance scales because
this method includes the losses resulting from the inefficliency of
the exhaust nozzle.

Symbols and methods of celculatlon are given 1n the appendix.

Performance data were obtained at the following altitudes and
flight Mach numbers:
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- Altitude Flight Mach number
(£t)
5,000 0.21
15,000 0.21, 0.53
25,000 |o0.21, 0.53, 0.72, 0.85, 0.97
35,000 0.21, 0.53, 0.72
45,000 0.21, 0.53
50,000 0.21

Complete ram-preasure recovery &t the campressor Inlet was assumed
in the calculation of flight Mach mumber. The fuel used was

AN-F-32 with a lower heating value of 18,550 Btu per pound. The
engine-inlet alr temperature was held at approximately NACA
standard values for each simulated flight conditlion except those

of high altitude and low Mach number. ZEnglne-inlet air temperatures
below 439° R were unobtainable.

RESULTS AND DISCUSSION

All the data obtained in the performence investigation of the
engine with a standard exhaust nozzle are complled in table 1. The
engine-inlet pressures and temperatures deviated slightly from the
desired inlet conditions. The datae presented graphically in non-
generalized form have therefore been adjusted to NACA standard
altitude conditions by means of the factors B, and 6,

(appendix A).
Engine Performance

Effect of altitude. - Englne~performance data obtalined at a
flight Mech number of 0.21 at altitudes fram 5000 to 50,000 feet
are presented to show the effects of altltude on net thrust, alr
flow, fuel flow, specific fuel consumption, fuel-air ratio, and
exhaust-gas totel temperature in figure 4. Engine net thrust, air
flow, and fuel consumption decreased consistently as the altlitude
increased (figs. 4(a) to 4(c)). Data obtained at high engine speeds
are not shown for an altitude of 15,000 feet because the flight
Mach number was inconsistent with other altlitudes. At altitudes
above 15,000 feet, the maximum engine speed was limlted by turbine-
outlet temperature.

The specific fuel consumption (fig. 4(d)) was essentially
constant for altitudes from 5000 to 45,000 feet at engline speeds
gbove 7200 rpm and for altitudes from 15,000 to 45,000 feet at

6STT
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engine speeds above 5750 rpm. In the engine-speed range between
4500 to 6600 rmm, the highest specific fuel consumption occurred
at an altitude of 5000 feet; at engline speeds above 6600 rpm, the
highest specific fuel. consumption occurred et an altitude of
50,000 feet. The data indicated no consistent altitude effect

at engine speeds below 5750 rmm, probably because of large varli-
ations in component efficlencies in the low engine-speed range.
The minimum specific fuel consumption of 1.05 pounds per hour per
pound of net thrust was obtainsd et an englne speed of approximately
6400 rpm at altitudes from 15,000 to 45,000 feet. The specific
fuel consumption at temperature-~-limited engine speed varied from
1.20 to 1.30 over the range of altitudes investigated.

The englne fuel-alr ratio (fig. 4(e)) increased with altitude
at engine speeds gbove 4500 rpm. Data obtalned at lower engine
speeds indicated no consistent altitude effect.

The exhaust-gas temperature (fig. 4(f)) decreased with an
Increase in altitude at low engine speeds and increased with
altitude at high engine speeds. A change 1n altitude from 5000 to
25,000 feet resulted in a decreasse In temperature-limited engine
speed from 7880 to 7550 rpm. The trend of the data indicabes that
an increase In altitude beyond 25,000 feet would further reduce the
maximum permissible engline speed. Inasmich as maximum thrust is
obtained at full engine speed (7900 rme), and maximum exhaust-gas
total temperature, the desirabllity of using a varisble-area
exhaust nozzle to permlt operation at full engine speed at all
altlitudes is evident.

Effect of flight Mach number. - Performance date obtained at
an altitude of 25,000 feet and flight Mach numbers of 0.21 to
0.97 are presented In figure 5 to show the effect of £light Mach
number on net thrust, alr flow, fuel flow, specific fuel consumption,
fuel-air ratlio, and exhaust-gas total temperature.

As the flight Mach number was raised, the het thrust decreased
at engline speeds below 6800 rpm eand lnereased at higher engine
speeds for flight Mach numbers above 0.53 (fig. S (a2)). 4An
Increase in Mach number from 0.21 to 0.53 at englne gpeeds above
7000 rpm had no appreclieble effect on the net thrust. The engine
air flow (fig. S5(b)) increased consistently with an increase in
£light Mach number. As the flight Mach number was increased, the
engine fuel consumption (fig. S(c)) decreased at engine speeds
below 6150 rpm and increaged at higher engine speeds. A%
temperature-limited engine speed, the specific fuel consumption
baged on net thrust (fig. 5(d)) increesed from 1.21 to 1.43 as
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the flight Mach mmber increased from 0.21 to 0.97. This varlation
of specific fusl consumption based on net thrust with £light Mach
number increased at the low engine speeds. The minimum specific
fuel consumption of 1.05 pounds per houxr per pound of net thrust
occurred at a flight .Mach numbsr of 0.21 and an engine speed of
approximately 6400 rpm. .

The englne fuel-alr ratic (fig. 5{e)) decreased at all engine
speeds as the flight Mach number was relsed. The exhaust-gas total
temperature (fig. 5(f)) was, in genersel, reduced by an increase in
flight Mach number at all engine speeds except between 7000 and

7500 rpm, where & change in flight Mach nmumber had no appreciable
effect. Maximum engine speed was limited by exhaust-gas total
temperature at £light Mach numbers below 0.72.

Generalized performence. - Altitude performance date for a
flight Mach mmber of 0.21 have heen generalized to stendard sea-
level conditions by use of the correctlon factors & anmd @
(reference 1). In the development of this method of generalization,
it was shown that these correction factors alone were imsufficlent
to reduce the results completely to a single curve. The use of
additional parameters, such as flight Mach number and Reynolds
number, may be necessary for a complete generallzed description of
engine characteristics. Changes in flight Mach number or changes
in component efficiency assoclated with changes in Reynolds number
therefore lessen the possibility of reducing data obtalned at
various altitudes to a single curve.

Porformance data obtained at a flight Mech number of 0.21
et altitudes fram 5000 to 50,000 feet are presented in figure 6
to show the effect of altitude on the corrected values of net
thrust, air flow, fuel flow, specific fuel consumption, fuel-air
ratio, and exhaust-gas tobtal temperature.

The variation of corrected net thrust with altitude was
sufficiently small that data obtained at all eltitudea from 5000 to
50,000 feet could be represented by a single curve (fig. 6(a)).

The corrected engine air flow (fig. 6(b)) decreased as the altitude
was lnoreased at corrected engine speeds above 5400 rmm. For
corrected engine speeds below 5400 rpm, the data appear to reduce
to & single curve,

Genevalized performance parameters depending on fuel consumption
formed s single curve only near mexIimum engine speed and at altitudes
below 35,000 feet. Above 35,000 feet and at reduced engine speeds,
the corrected fuel consuznption (fig. 6(c)) increased as the altitude
waa ralsed. Near maximmm englne speed, the corrected specific fuel

6STL
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consumption (fig. 6(d)) formed a single curve for date obtained

at altitudes below 35,000 feet; however, higher corrected specific
fuel consumptlons were obtalned at altlitudes of 45,000 and

50,000 feet. At low engine speeds the trend of the data with
increasing altitude was inconsistent. The corrected engine fusel-
alr ratio (fig. 6(e)) and the corrected exhaust-gas temperature
(f1g. 6(f)) increased with altitude at all corrected engine speeds;
however, the increase in corrected engine fuel-air ratlo was
ingignificant at a corrected englne speed of 7900 rpm and altitudes
up to 35,000 feet.

Generalization in terms of pumping cheracteristics. - If a
turbojet engine is considered as a pump that increases the energy
level of the working fluid as 1t passes through the engine, the
thrust may be determined by an evaluation of the energy change.
This change in avallable energy is determined by the change in
total pressure and total temperature of the alr flowing through
the engine. In this method of generalization, as in the method
previously discussed, changes in component efficiencies including
the effects of Reynolds number lessen the possibility of generaliz-
ing the data obtalned at various altitudes to a single curve.

The variation of engine total-temperature ratio with engine
total-pressure ratio is shown in figure 7(a) for altitudes from
5000 to 50,000 feet at a £flight Mach number of 0.21 and in
figure 7('b5 for £light Mach numbers from 0.21 to 0.97 at an
altitude of 25,000 feet. As the altitude was increased, the engine-
total-temperature ratio increased at all velues of engline-total-
DPressure ratio. The data for the range of flight Mach numbers
investigated at an altitude of 25,000 feet plotted as a single
curve at all englne-pressure ratios gbove approximately 1l.4.
Simlilar data obtained over a range of flight Mach numbers ab
other altitudes alsc formed a single curve for each altitude at
engline total-pressure reblos above approximately l.4. Fram
the data presented in Pigure 7, the total pressure at the exhaust~
nozzle outlet can be determined for any fllght Mach number and
exhaust-gas temperaturs at altitudes between 5000 and 50,000 feet

and engine-total-pressure ratios above approximstely 1. 4. The
© jJet thrust can then be calculated by use of equation (8) or (9)
presented in the appendix,

Engine Windmilling Characteristics

The engine windmillling speed 1s shown in figure 8 as a function
of true airaspeed for altitudes fram S000C to 45,000 feet. The engine
windmilling speed was unaffected 'by changes in altitude in the range
of alrspeeds investigated.
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The inbernal drag of a windmilling turbojet engine 1s of
interest, particularly on multiengine airplanes when it may be
desirable to crulse with one or more engines inoperative. The
ratio of windmilling drag to net thrust at maximm permissible
engine speed is shown in figure S as a function of true alrspeed
for an altitude of 25,000 feet. The internal drag of & windmill-
ing engine varied from 2 percent of the avallable net thrust at a
true alrspeed of 200 miles per hour to 15 percent at a true air-
speed of 650 miles per hour. The desirability of blocking the
inlet of an inoperative engine is apparent.

SUMMARY OF RESULTS

The following results were obtalned from an Iinvestigatlion
of a J47 turbojet engine in the NACA Lewls altitude wind tunnel
at gimnlated altitudes from 5000 to 50,000 feet and simulated
flight Mach numbers from 0.21 to 0.97: '

1. The correction factors commonly used to generalize turbojet-
engine performance can be used to predict performance for only a
limited range of altitudes and corrected engine apeeds.

2. From the engine pumping cheracteristics, Jet thrust could
be predicted for any desired flight Mach number and exhaust-gas
tempersture at altitudes from 5000 to 50,000 feet and engline-
pregsure ratios above approximately 1l.4.

3. The temperature-limited engine speed decreased with
increasing altitude, which indlicated the need for a varisble-area
exhaust nozzle.

4. In goneral, the exhaust-gas temperature was reduced atb
ell engine speeds by an increase in flight Mach number.

5. The specific fuel consumption at temperature-limited
engine speed and a flight Mach number of (.21 varied from 1.20
to 1.30 pounds per hour per pound of net thrust over the range of
altitudes investigated. Minimum specific fuel consumption of
1.05 pounds per hour per pound of net thrust was obtained at an
engine speed of approximately 6400 rpm at altitudes from 15,000 to
45,000 feet.

6. As the flight Mach number was increased from 0.21 to 0.97
at temperature-~limited engine speed, the specific fuel consumption
inoressed from 1.21 to 1l.43 pounds per hour per pound of net
thrust. At low englne speeds the increase was much larger.
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7. At an altitude of 25,000 feet, the inbternal drag of a2
windmilling engine varled from 2 percent of the available net
thrust at a true airspeed of 200 miles pexr hour to 15 percent at
& true airspeed of 650 miles per hour.

Lewls Flight Propulsion Lsboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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APPENDIX - CALCULATIORNS
Symbols

The following symbols were used in the calculations and on
the figures:

A crogs-sectlionel area, sq £t
B thrust scale reading, 1b
c 3 Jot~velocity coefficient, ratio of actual Jet velocity or

thrust to 1deal wveloclity or thrust after expansion to
free-gtream statlc pressure

C.b ratio of hot exhauat-nozzle area to cold exhanst-nozzle
area (1.0l at 1570° R)

D external drag of instellation, 1lb
Dr exhaust-nozzle tall-rake drag, 1b
D,  windmilling drag, 1b

F, Jet thrust, 1b

F,  net thrust, 1b

£/a  fuel-air ratio

g acceleration due to gravity, 32.2 £t /sec®
M flight Mach number

N engine speed, rpm

P total pressure, 1b/sg £t absolute
P static pressure, 1b/eq £t absolute
R ges constent, 53.3 £t-1b/(1b)(°R)
T total temperature, °R

T indicated temperature, °r
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statlc temperature, °r
v veloocity, £t/sec
Wy air flow, 1lb/sec
Ve fuel flow, 1b/hr

wf/Fn specific fuel consumption based on net thrust, 1b/(hr)
(1v thrust)

vd ratio of specific heats

ratio of tummel static pressure .PO to absolute stabtic
pregsure of NACA standard etmosphere at sea level

5g ratio of tunnel static pressure Pg to absolute static
pressure of NACA standerd atmosphere at desired altitude

2] ratio of absolute equivelent amblent statlc temperature to l‘ "
gbsolute static temperature of NACA standard atmosphere )

at sea level

6, ratio of absolute equivalent emblent statlc temperature to
absolute static temperature of NACA stendard atmosphere
at deslired altitude

Subscripts:

0 free-air stresm

1 engine Inlet

6 turbine outlet

7 1 inch upgtream of exhaust-nozzle outlet

8 exheaust-nozzle outlet

e equivalent

r venburli throat rake in make-up air duct

8 scale

x Inlet duet at frictionless sglip Joint
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Methods of Calculation

Flight Mach mumber. - Complete ram-pressure recovery at the
engline inlet was sssumed. The flight Mach number was then
determined fram the following expression:

-1
P 7
2 1
= ) | — — -1
Mo 7=1 (P()) (1)

Temperatures. - Total temperature was obta.ined. from indicated
temperature by the use of an experimentally determined thermo-
couple impact-recovery factor of 0.85 in the following equation:

1
P\ 7 :
= (3)
Tw . (2)
2=1
1+ 0.85 (g)’ -1

p

Eguivalent temperature. - Equivalent temperature wes obtalned
fram tunnel static pressure and engine-lnlet total pressure and

temperature.

T
> (3)

4
1
Pg
Alyr flow. - Engine air flow was calculated from preasure and
temperature measurements obtained at the engine inlet (station 1)

by use of the equetion

27g P\ 7
Wo = 475 m <—) -1 (4)

1159
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Alr-flow values obtained from measurements in the venturi of the
inlet~air duct and at the exhanst nozzle agreed within 3 percent
with those obtained from messurements at the engine Inlet.

Thrust. - The thrust of the installsbion was independently
determined from balance-scale measurements axnd also from
presgures and temperatures measured near the exhanst-nozzle out-
let by means of a suxrvey rake. Because of the inefficlency of the
exhaust nozzle, the scale thrust 1s less than the reke thrust.

Jot thrust was determined from balance-scale measurements by
the use of the following egquation:

FJ,E’-=D+]3+D1.+W + A (py -Py) (s)

Net thrust is then glven by the equation

n,s s " g E/—- . (6.)

The last two terms of equation (5) represent the momentum and the
pressure forces on the lngtallation at the slip Joint in the inlet-
eir duct. The drag of the installation was determined by runs
with the engine inoperative and with a blocking plate installed 1n
the inlet to prevent air flow through the engine.

The rake thrust, which is the ideal thrust avallsble, is
given by the following equation and values obtained at station 7,
1l inch upgtream of the nozzle outlet:

78"1
7,
For= _57.::'-'1_" ; -1] + Cyh,(p,-p5) ()

Alternate thrust equabtlion. ~ When the assumptlon is made
that P7 = Pg, an alternate equation for Jet thrust is as follows:
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73-1
27, P\ 7
8 8\’/8
Fy = 7g-1 CtAaPs <E> -1 | + AgCy(pg=Pp) (8)
where ~
Py = ! Pe — ._--J—r - i !
8 78 %
7g71 !0
7e+1 Vel v =4
—
and for supersonic Jet velocitles where
P /.,.;
L > 1.9
Pg
For subsonic Jet velocitles where
B e
Po lo e
equation (8) reduces to
73‘1
. eparee | ()6 )
J 7g-1 Pq

6STI
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1. Sanders, Newell D.:

REFERENCE
Performance Parameters for Jet-Propulsion

Fngines. NACA TN 1108, 1946.
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Figure 1. - View of J47 turbojet engine installed in tesi section of altitude wind tunnel.
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Corrected exhaust-gas total temperature, Tv/e, %r
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